Introduction
Formerly, to obtain some knowledge of values of natural frequencies of high-rise buildings some substitute models like consoles, plane frames, etc. had to be used. Currently, computer technology allows one to create numerical spatial models that are very close to the real structure, as far as load, construction, material, and subsoil are concerned. The choice of a proper structural system and distribution of stiffening elements in the building, its wind and seismic load response remain an open question for designers.
Basic parameters of the building
Four spatial models of high-rise buildings with different distribution of stiffening walls were modelled using the program Scia Engineer, see Fig. 1 . A multifunctional high-rise building with 22 floors and one underground floor was considered. The building varies in its horizontal crosssection and structural height of the floor. Bearing system is represented by concrete skeleton with stiffening cores and walls. Vertical bearing elements have various cross sections along the height of the building. Reinforced concrete walls are 200, 250 or 300 mm thick. Particular columns of a square cross-section are 500, 700, 800 and 850 mm wide. The building is founded on a reinforced concrete base plate, below the underground water level. Subsoil consists of gravel with medium to coarse-granularity, poorly grained. Under the gravel layer, there is an impermeable layer of compressible clays. The improvement of foundation soil using gravel pillars was considered. The maximum value of settlement is 51.4 mm, from which the value of coefficient of compressibility 19.6 MN/m 3 was determined. Building was designed in four variants, see Fig. 2 . Variant 1 is the original one. In variant 2 stiffening wall in the x-direction was added. In variant 3 stiffening wall in the y-direction was added. Variant 4 is a combination of variants 2 and 3.
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Input values
For calculation of all the loads, valid standards EN 1991-1-1 (general loads), EN 1991-1-3 (snow load), EN 1991-1-4 (wind load), and EN 1998-1: Euro code 8 (earthquake resistance) were used. For purposes of static analysis, structures were loaded by most unfavourable combination of permanent, variable, and wind loads. For dynamic analysis the load was considered according to Eurocode. Structures were considered as fixed or rested on elastic support into the ground. The Winkler model had been used for modelling of subsoil. For static calculation the input value of coefficient of compressibility was taken 19.6 MN/m 3 . For dynamic calculations, where standards recommend to take higher value of coefficient of compressibility, the value was empirically determined as three times the rate 58.8 MN/m 
Static analysis
For assessment of the most unfavourable static load combination with respect to standard EN, the maximum values of displacements in each direction have been compared. The displacements calculated for all variants are presented in the graphs, see In dynamic analysis with the combination of static and dynamic loads (seismicity effects) were compared maximum values of displacement for the four alternatives with elastic support, where value of coefficient of compressibility was 58.8 MN/m 3 . For comparison of maximum values of the displacements in X and Y directions, see Fig. 5 . Maximum value of displacement in direction X is 55.0 mm in variants 2 and 4 and it is 51.7 mm in direction Y in variant 2. Increasing the stiffness of the building in the direction X does not cause the reduction of displacements, which is the paradox. The reason is that the building varies in its horizontal cross-section. Another factor is the increase of the stiffness of the building, thereby increasing the natural frequencies. Due to this, in the spectral analysis the building is moved to areas of the graph with larger amplitudes of acceleration, thereby it is exposed to higher loads. 
Modal analysis
Other important factors are the values of the natural frequencies of the building, see Fig. 6 . In the calculation, first 300 natural modes were determined which originated in the frequency range from 0 Hz to 33 Hz. 
Conclusions
In static calculation, after addition of stiffening elements (variant 4) the maximum value of displacement was reduced by 13.7 mm for building fixed into the ground and by 14.3 mm for building rested on elastic supports. It can be observed that the stiffening walls help to reduce displacements. This phenomenon depends on the type of soil.
In dynamic analysis, the difference between the values of displacements in variants 1 and 4 is negligible in the direction X, however it is 13.9 mm in the direction Y.
